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(57) ABSTRACT

A switching circuit is configured to switch on/off a current
that flows through a resonance circuit constituted by a pri-
mary winding of a transformer, a capacitance element, and an
inductor that are connected in series. Electric power that is
induced in a secondary winding of the transformer is rectified
by a rectifier circuit. A switch is connected in parallel with the
capacitance element. A control unit is configured to control
the switching circuit and the switch. The control unit is con-
figured to select a first operation in which an operation fre-
quency of the switching circuit is controlled by switching off
the switch, and select a second operation in which a period
during which a current flows from the switching circuit to the
primary winding of the transformer is controlled by switching
on the switch.
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1
ELECTRIC POWER CONVERSION DEVICE

RELATED APPLICATIONS

This application is the U.S. National Phase application
under 35 U.S.C. §371 of International Application No. PCT/
JP2013/003211, filed on May 21, 2013, which in turn claims
the benefit of Japanese Application No. 2012-136174, filed
on Jun. 15, 2012, the disclosures of which Applications are
incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to an electric power conver-
sion device that performs electric power conversion using a
switching element and transmits electric power between an
input and an output via a transformer.

BACKGROUND ART

Conventionally, electric power conversion devices are
known that perform electric power conversion using a switch-
ing element and transmit electric power between an input and
an output via a transformer. For example, a bidirectional
DC/DC converter that transmits DC power bi-directionally is
disclosed in JP 2011-234541 A (hereinafter referred to as
“Document 1) as this type of electric power conversion
device. The electric power conversion device described in
Document 1 is provided with a primary circuit and a second-
ary circuit that sandwich a transformer.

The primary circuit and the secondary circuit each include
a bridge circuit configured by a reverse conducting type semi-
conductor switch (switching element). The electric power
conversion device can transmit desired DC power bi-direc-
tionally by controlling duty cycles (on duties) of the switch-
ing element of the primary circuit and the switching element
of the secondary circuit.

Incidentally, although the electric power conversion device
described in Document 1 can transmit desired DC power
between the primary circuit and the secondary circuit by
controlling the duty cycles of the switching elements, a volt-
age ratio between an input voltage and an output voltage
depends on the winding ratio of the transformer. That is, the
electric power conversion device described in Document 1
cannot output voltage by boosting the input voltage and only
performs current adjustment, since bridge circuits are used in
the primary circuit and the secondary circuit, and only the
duty cycles are controlled.

On the other hand, an electric power conversion device that
is used for utilizing electric power of a storage battery that is
mounted in an automobile having an electric motor serving as
a power source, a storage battery used by being attached to a
building, or the like is required to have a function of adjusting
a relationship between an input voltage and an output voltage
over a wide range.

DISCLOSURE OF INVENTION

An object of the present invention is to provide an electric
power conversion device configured to perform electric
power conversion by switching and transmit electric power
between an input and an output via a transformer, and is
capable of adjusting a relationship between an input voltage
and an output voltage over a wide range according to the use.

An electric power conversion device according to one
aspect of the present invention includes a transformer, a reso-
nance capacitance element, a switching circuit, a rectifier
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2

circuit, a switch, and a control unit. The transformer is con-
figured to transmit electric power between an input and an
output. The capacitance element is connected in series with a
primary winding of the transformer. The switching circuit is
configured to switch on/off current that flows through a series
circuit constituted by the primary winding of the transformer
and the capacitance element. The rectifier circuit is config-
ured to rectify and output electric power induced in a second-
ary winding of the transformer. The switch is connected in
parallel with the capacitance element. The control unit is
configured to control a period during which current flows
through the series circuit constituted by the primary winding
of the transformer and the capacitance element and on/off of
the switch. The control unit is configured to switch off the
switch so as to configure, as an input-side circuit of the
rectifier circuit, a first conversion circuit configured to change
a relationship between an input voltage and an output voltage
based on an operation frequency of the switching circuit. The
control unit is configured to switch on the switch so as to
configure, as the input-side circuit of the rectifier circuit, a
second conversion circuit configured to change a relationship
between an input voltage and an output voltage based on a
period during which current flows from the switching circuit
to the primary winding of the transformer. The control unit is
configured to select an operation of the switching circuit from
a first operation for adjusting the relationship in the first
conversion circuit by controlling the operation frequency and
a second operation for adjusting the relationship in the second
conversion circuit by controlling the period during which the
current flows.

In the electric power conversion device, the control unit is
preferably configured to match a timing at which the switch is
switched on with a zero-crossing point of the current that
flows from the switching circuit to the series circuit consti-
tuted by the primary winding of the transformer and the
capacitance element, when transitioning from the first opera-
tion of the first conversion circuit to the second operation of
the second conversion circuit.

Preferably, the electric power conversion device further
includes a series circuit constituted by a second switch and a
resistor. The series circuit is preferably connected in parallel
with the capacitance element. The control unit is preferably
configured to switch on the switch after switching on the
second switch when transitioning from the first operation of
the first conversion circuit to the second operation of the
second conversion circuit.

In the electric power conversion device, the control unit is
preferably configured to provide a transition period during
which an operation of the switching circuit is an operation
different from the first operation of the first conversion circuit
and the second operation of the second conversion circuit,
when switching between the first operation of the first con-
version circuit and the second operation of the second con-
version circuit.

In the electric power conversion device, the control unit is
preferably configured to store the operation frequency of the
switching circuit in the first operation of the first conversion
circuit in association with the relationship in the first conver-
sion circuit, and store the period during which current flows
from the switching circuit to the primary winding of the
transformer in the second operation of the second conversion
circuit in association with the relationship in the second con-
version circuit. The control unit is preferably configured to
control the switching circuit in accordance with the stored
operation frequency and the stored period during which cur-
rent flows, such that the relationship between the input volt-
age and the output voltage after switching coincides with the



US 9,160,242 B2

3

relationship between the input voltage and the output voltage
before switching, when switching between the first operation
of'the first conversion circuit and the second operation of the
second conversion circuit.

In the electric power conversion device, the control unit is
preferably configured to store a conversion efficiency in the
first operation of the first conversion circuit in association
with the relationship in the first conversion circuit, and store
a conversion efficiency in the second operation of the second
conversion circuit in association with the relationship in the
second conversion circuit. The control unit is preferably con-
figured to select whichever of the first operation and the
second operation has a higher stored conversion efficiency,
when both the first operation of the first conversion circuit and
the second operation of the second conversion circuit are
operable, in an overlapping region between the relationship in
the first conversion circuit and the relationship in the second
conversion circuit.

Preferably, the electric power conversion device further
includes a resonance inductor. The inductor is preferably
connected between the primary winding of the transformer
and the switching circuit.

Preferably, the electric power conversion device further
includes a plurality of resonance inductors and a short-circuit
switch. The plurality of inductors are preferably connected
between the primary winding of the transformer and the
switching circuit. The short-circuit switch is preferably con-
figured to short-circuit at least one of the plurality of induc-
tors.

In the electric power conversion device, the capacitance
element preferably includes a plurality of resonance capaci-
tors. The plurality of capacitors are preferably connected
between the primary winding of the transformer and the
switching circuit. The switch is preferably configured to
short-circuit at least one of the plurality of capacitors.

In the electric power conversion device, the capacitance
element preferably includes a resonance capacitor. The
capacitor is preferably connected between the primary wind-
ing of the transformer and the switching circuit. The switch is
preferably configured to short-circuit the capacitor.

In the electric power conversion device, both the relation-
ship in the first conversion circuit and the relationship in the
second conversion circuit are preferably a voltage ratio
between the input voltage and the output voltage.

In the electric power conversion device, the first conversion
circuit is preferably a resonance type conversion circuit. The
resonance type conversion circuit is preferably configured to
change the relationship in the first conversion circuit using a
resonance circuit constituted by the capacitance element and
the transformer by adjusting the operation frequency of the
switching circuit. The second conversion circuit is preferably
a phase shift type conversion circuit. The phase shift type
conversion circuit is preferably configured to change the rela-
tionship in the second conversion circuit by adjusting the
period during which current flows from the switching circuit
to the primary winding of the transformer through changing a
phase of switching on a switching element of the switching
circuit.

According to the one aspect of the present invention, the
electric power conversion is performed by switching, and the
electric power is transmitted between the input and the output
via the transformer. It is possible to adjust the relationship
between the input voltage and the output voltage over a wide
range according to the use by selecting one of the operation of
the first conversion circuit and the operation of the second
conversion circuit.
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BRIEF DESCRIPTION OF DRAWINGS

Preferable embodiments according to the present invention
will be described in more detail. Other features and advan-
tages of the present invention will be better understood with
reference to the following detailed description and the
attached drawings:

FIG. 1 is a circuit diagram illustrating an electric power
conversion device according to Embodiment 1;

FIG. 2 is a specific circuit diagram illustrating an example
of'the electric power conversion device according to Embodi-
ment 1;

FIG. 3 is an explanatory diagram illustrating an operation
of'the electric power conversion device according to Embodi-
ment 1 as an LLC resonance type conversion circuit;

“A” of FIG. 4 is an explanatory diagram illustrating an
operation of a switching element Q11 in a phase shift type
conversion circuit of the electric power conversion device
according to Embodiment 1; “B” of FIG. 4 is an explanatory
diagram illustrating an operation of a switching element Q12
in the phase shift type conversion circuit of the electric power
conversion device according to Embodiment 1; “C” of FIG. 4
is an explanatory diagram illustrating an operation of a
switching element Q13 in the phase shift type conversion
circuit of the electric power conversion device according to
Embodiment 1; “D” of FIG. 4 is an explanatory diagram
illustrating an operation of a switching element Q14 in the
phase shift type conversion circuit of the electric power con-
version device according to Embodiment 1; and “E” of FIG.
4 is a diagram illustrating a conduction state of a primary
winding of a transformer in the phase shift type conversion
circuit of the electric power conversion device according to
Embodiment 1;

FIG. 5 is an explanatory diagram illustrating an operation
of'the electric power conversion device according to Embodi-
ment 1 as the phase shift type conversion circuit;

“A” of FIG. 6 is a diagram illustrating a waveform of
current flowing through a resonance circuit of the electric
power conversion device according to Embodiment 1; and
“B” of FIG. 6 is an explanatory operation diagram illustrating
a switching timing of a switching element used in the electric
power conversion device according to Embodiment 1;

“A” of FIG. 7 is an explanatory diagram illustrating an
operation of a switching element Q11 of a switching circuit in
the electric power conversion device according to Embodi-
ment 1; “B” of FIG. 7 is an explanatory diagram illustrating
an operation of a switching element Q12 of the switching
circuit in the electric power conversion device according to
Embodiment 1; “C” of FIG. 7 is an explanatory diagram
illustrating an operation of a switching element Q13 of the
switching circuit in the electric power conversion device
according to Embodiment 1; and “D” of FIG. 7 is an explana-
tory diagram illustrating an operation of a switching element
Q14 of the switching circuit in the electric power conversion
device according to Embodiment 1;

FIG. 8 is a circuit diagram illustrating an electric power
conversion device according to Embodiment 2;

FIG. 9 is a circuit diagram illustrating an electric power
conversion device according to Embodiment 3;

FIG. 10 is a circuit diagram illustrating another configura-
tion example of the electric power conversion device accord-
ing to Embodiment 3;

FIG. 11 is a circuit diagram illustrating an electric power
conversion device according to Embodiment 4; and

FIG. 12 is a circuit diagram illustrating another configura-
tion example of the electric power conversion device accord-
ing to Embodiment 4.
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BEST MODE FOR CARRYING OUT INVENTION

Embodiment 1

Although, in an embodiment described below, a case where
an electric power conversion device performs DC/DC con-
version uni-directionally will be described as an example, the
technical idea described below can also be applicable to an
electric power conversion device that performs DC/AC con-
version or an electric power conversion device that performs
electric power conversion bi-directionally. Also, although the
electric power conversion device described below is assumed
to be used for utilizing electric power of a storage battery
mounted in an automobile having an electric motor as a power
source, a storage battery used by being attached to a building,
or the like, the application is not limited thereto. For example,
the technique of the electric power conversion device
described below may be adopted in a distributed power source
such as a solar power generation device or a fuel cell.

The electric power conversion device according to the
present embodiment includes a switching circuit 1 and a
rectifier circuit 2 with a transformer T1 interposed therebe-
tween, as shown in FIG. 1. The switching circuit 1 includes
four switching elements Q11 to Q14 (refer to FIG. 2)
described later, and a control unit 3 is attached to the switch-
ing circuit 1 so as to control the switching elements Q11 to
Q14. A primary winding nl of the transformer T1 is con-
nected to the switching circuit 1 via a series circuit constituted
by a capacitor C1 serving as a capacitance element and an
inductor 1. The rectifier circuit 2 is connected to a secondary
winding n2 of the transformer T1. Furthermore, a switch SW1
is connected in parallel with the capacitor C1. The control unit
3 is also configured to control on/off of the switch SW1.

The switching circuit 1 and the rectifier circuit 2 includes a
configuration shown in FIG. 2, for example. The configura-
tion shown in FIG. 2 is an example of the switching circuit 1
and the rectifier circuit 2, and the configuration of the switch-
ing circuit 1 and the rectifier circuit 2 is not limited thereto.
Also, a DC power supply serving as an input power supply is
connected to the switching circuit 1. The DC power supply
may be a DC power supply obtained by rectifying a commer-
cial AC power supply, other than being a storage battery, a fuel
cell, a solar cell, or the like. Also, the DC power outputted
from the rectifier circuit 2 may be used for charging a storage
battery, in addition to being supplied to a load.

The switching circuit 1 shown in the diagram includes a
bridge circuit constituted by the four switching elements Q11
to Q14. A series circuit of the switching elements Q11 and
Q12 and a series circuit of the switching elements Q13 and
Q14 are connected in parallel with a smoothing capacitor
C11.

Also, the rectifier circuit 2 shown in the diagram uses a
circuit having the same configuration as the switching circuit
1. That is, the rectifier circuit 2 includes a bridge circuit
constituted by four switching elements Q21 to Q24. A series
circuit of the switching elements Q21 and Q22 and a series
circuit of the switching elements Q23 and Q24 are connected
in parallel with a smoothing capacitor C21. By controlling
on/off of the switching elements Q21 to Q24 in the rectifier
circuit 2, electric power can be bi-directionally transmitted
via the transformer T1. A description of operations to perform
an electric power conversion bi-directionally will, however,
be omitted in the present embodiment.

Each of the switching elements Q11 to Q14 and Q21 to
Q24 is assumed to be a MOSFET. Note that a configuration in
which a diode is connected anti-parallelly between an emitter
and a collector of a bipolar transistor, an IGBT (Insulated
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6

Gate Bipolar Transistor), or the like may be used as each of
the switching elements Q11 to Q14 and Q21 to Q24. These
switching elements Q11 to Q14 and Q21 to Q24 can pass
current in one direction or bi-directionally in an on-state, and
can pass current in the other direction in an off-state. For
example, in the case where the switching elements Q11 to
Q14 and Q21 to Q24 are MOSFETs, the switching elements
Q11 to Q14 and Q21 to Q24 can pass current via a path
passing through a body diode (parasitic diode) in the oft-state.

The rectifier circuit 2 shown in the diagram performs full-
wave rectification using a function in the off-state of the
switching elements Q21 to Q24. Note that synchronous rec-
tification can also be performed if on/off of the switching
elements Q21 to Q24 is controlled.

The control unit 3 includes a processor (selected from a
microcontroller, a DSP (Digital Signal Processor), an FPGA
(Field-Programmable Gate Array), or the like) that operates
according to a program. The control unit 3 has a function of
monitoring an output current of the rectifier circuit 2 using an
output from a current detector (not shown) provided at an
appropriate location, and includes an AD converter that con-
verts analog information outputted from the current detector
to digital information so as to be handled by the processor.
On/off of each of the switching elements Q11 to Q14 is
controlled by a pulse signal given by the control unit 3, and
the frequency and the phase of the pulse signal are adjustable.
That is, the control unit 3 includes a pulse generator that
generates pulse signals, and performs control on the switch-
ing circuit 1, selecting from PFM (Pulse Frequency Modula-
tion) control and PPM (Pulse Phase shift Modulation) con-
trol, by giving instructions to the pulse generator from the
processor. Furthermore, the control unit 3 includes a memory
that stores a program for causing the processor to operate,
data for determining an operation condition of the processor,
data that is generated during an operation of the processor,
and the like.

A frequency for switching on/off the switching elements
Q11 to Q14 is selected appropriately from a range of several
tens of Hz to several hundreds of kHz. Here, since the switch
SW1 is controlled based on the on/off timings of the switch-
ing elements Q11 to Q14, the switch SW1 is required to
respond in a time period of approximately several ps to sev-
eral tens of ms from the time when an instruction is given.
Accordingly, it is desirable that a semiconductor switch hav-
ing a short response time is used for the switch SW1, instead
of using an electromagnetic relay including a mechanical
contact.

Incidentally, when the switch SW1 is off, the capacitor C1
is electrically connected between the inductor [.1 and the
primary winding nl of the transformer T1, and a resonance
circuit is formed by the capacitor C1, the inductor [.1, and the
transformer T1. Accordingly, if the frequency of the switch-
ing circuit 1 is adjusted appropriately with respect to the
resonance frequency of the resonance circuit, this resonance
circuit and the switching circuit 1 operate as a first conversion
circuit that changes the voltage that is outputted from the
secondary winding n2 of the transformer T1. That is, a circuit
that is on the input side of the rectifier circuit 2 operates as the
first conversion circuit. The first conversion circuit is config-
ured to change the relationship (voltage ratio) between an
input voltage and an output voltage based on the operation
frequency of the switching circuit 1. In this way, a configu-
ration, in which the resonance circuit constituted by the
inductor L1 and the transformer T1 with one capacitor C1 is
used to change the output voltage of the rectifier circuit 2 by
adjusting the operation frequency of the switching circuit 1,
will be hereinafter referred to as “LLC resonance type con-
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version circuit”. Note that the inductor L1 is not an essential
constituent element in the first conversion circuit.

Hereinafter, in the configuration shown in FIG. 2, the two
switching elements Q11 and Q14 and the two switching ele-
ments Q12 and Q13 that each have a positional relationship of
being connected in series with the primary winding nl of the
transformer T1 interposed therebetween are each referred to
as “opposing switching elements”. When operating as the
LLC resonance type conversion circuit, on/off of the oppos-
ing switching elements Q11 and Q14 are switched at the same
time, and on/off of the opposing switching elements Q12 and
Q13 are switched at the same time. Also, the two switching
elements Q11 and Q12 that are connected in series are not
made to be in on-states at the same time, and the two switch-
ing elements Q13 and Q14 that are connected in series are not
made to be in on-states at the same time.

FIG. 3 shows a relationship between the operation fre-
quency of the switching circuit 1 in the LL.C resonance type
conversion circuit and a voltage gain of the output voltage of
the rectifier circuit 2. Also, the curves denoted by reference
signs Al to A6 in FIG. 3 show results that are taken on
different load sizes. The size of the load increases in the order
from the curve Al to the curve A6. That is, the load corre-
sponding to the curve Al is the smallest and the load corre-
sponding to the curve A6 is the largest, among the curves Al
to A6.

In the illustrated example, when the load is light, the volt-
age gain reaches a peak when an operation frequency ratio is
approximately 0.4, and the voltage gain decreases as the
operation frequency ratio moves away from 0.4. The opera-
tion frequency ratio is aratio of the operation frequency of the
switching circuit 1 with respect to the resonance frequency
determined by the capacitor C1 and the inductor 1. The
lighter the load is, the stronger the resonance is that occurs in
the LL.C resonance type conversion circuit, and thus, in a case
of a light load, the output voltage changes largely by the
operation frequency of the switching circuit 1 merely chang-
ing slightly in the vicinity of the resonance point, possibly
resulting in the output voltage becoming unstable. Further-
more, in the case of a light load, many noise components are
included in the output of the rectifier circuit 2.

On the other hand, in an example shown in FIG. 3, when the
load increases, the change of the output voltage with respect
to the change of the operation frequency of the switching
circuit 1 decreases, and an adjustable range of the voltage gain
also decreases. That is, in the LL.C resonance type conversion
circuit, the resonance weakens in a region in which the load is
large, and a change of the output voltage with respect to the
change in the operation frequency of the switching circuit 1
decreases. At this time, the noise component included in the
output of the rectifier circuit 2 decreases compared with the
case of a light load.

As described above, in the LL.C resonance type conversion
circuit, the voltage ratio (voltage gain) of the output voltage to
the input voltage can, depending on the size of the load, be
changed by changing the operation frequency ratio. Further-
more, a voltage boost is possible, and adjustment of the volt-
age boost ratio becomes possible. However, since the opera-
tion becomes unstable when the load is light, the adjustable
range of the voltage gain is relatively narrow in the load range
where a stable operation can be achieved.

On the other hand, when the switch SW1 is in an on-state,
the capacitor C1 is short-circuited, and thus only the inductor
L1 and the transformer T1 are electrically interposed between
the switching circuit 1 and the rectifier circuit 2. In this case,
due to a change in the current flowing through the inductor .1
and the primary winding n1 of the transformer T1, the output
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voltage of the rectifier circuit 2 changes. In this operation,
electromagnetic energy accumulated in the transformer T1
due to the current flowing through the primary winding nl of
the transformer T1 is transferred to the secondary winding n2.
Accordingly, by adjusting the electromagnetic energy accu-
mulated in the transformer T1 per unit time period, the circuit
constituted by the inductor L1, the transformer T1, and the
switching circuit 1 functions as a second conversion circuit
that adjusts the output voltage of the rectifier circuit 2. That is,
the input side circuit of the rectifier circuit 2 functions as the
second conversion circuit. The second conversion circuit
changes a relationship (voltage ratio) between the input volt-
age and the output voltage based on the period during which
current flows from the switching circuit 1 to the primary
winding n1 ofthe transformer T1. Note that the inductor L1 is
not an essential constituent element in the second conversion
circuit.

In order to adjust the period during which current flows
through the primary winding nl of the transformer T1, the
phases of switching on the switching elements Q11 to Q14, as
shown in “A” to “D” of FIG. 4, are adjusted, for example. In
this way, a configuration in which the phases of switching on
the switching elements Q11 to Q14 of the switching circuit 1
are changed in order to adjust the current that flows through
the primary winding nl of the transformer T1 per unit time
period (that is, second conversion circuit) will hereinafter be
referred to as a “phase shift type conversion circuit”.

Inthe phase shift type conversion circuit, without changing
the duty cycles of the four switching elements Q11 to Q14
that constitute the switching circuit 1, the timings at which the
switching elements are turned on in each pair of switching
elements that need to be on to allow current to flow through
the transformer T1, out of the switching elements Q11 to Q14,
are changed such that the period in which the opposing
switching elements are on at the same time is changed. That
is, the output electric power is adjusted by adjusting the
timings at which the opposing switching elements Q11 and
Q14 are turned on such that the period of being on at the same
time is adjusted, and by adjusting the timings at which the
opposing switching elements Q12 and Q13 are turned on such
that the period of being on at the same time is adjusted.

In the circuit shown in FIG. 2, current flows through the
primary winding n1 ofthe transformer T1 in the period during
which the opposing switching elements Q11 and Q14 are on
at the same time, and the period during which the opposing
switching elements Q12 and Q13 are on at the same time
(referto “E” of FIG. 4). Accordingly, by adjusting the timings
at which the opposing switching elements Q11 and Q14 are
turned on, or adjusting the timings at which the opposing
switching elements Q12 and Q13 are turned on, the period
during which current flows through the primary winding n1 is
adjusted, and as a result the output voltage of the rectifier
circuit 2 is adjusted. Note that the switching elements Q11
and Q12 that are connected in series or the switching elements
Q13 and Q14 that are connected in series are prohibited from
being on at the same time, and the switching on/off of the
switching elements Q11 and Q12 or the switching elements
Q13 and Q14 are controlled such that the phases thereof being
on/off are inverted. That is, the on/off of the switching ele-
ment Q11 is inverted from the on/off of the switching element
Q12, and the on/off of the switching element Q13 is inverted
from the on/oft of the switching element Q14.

Referring to operations shown in “A” to “E” of FIG. 4, duty
cycles of the switching elements Q11 to Q14 are set to 50%
and the on period of the switching element Q11 differs from
the on period of the switching element Q13 by a phase dif-
ference Ts, as shown in “A” to “D” of FIG. 4. Accordingly, the



US 9,160,242 B2

9

on periods of the opposing switching elements Q11 and Q14
overlap during a period corresponding to the phase difference
Ts, and the on periods of the opposing switching elements
Q12 and Q13 overlap during a period corresponding to the
phase difference Ts. The phase difference Ts is assumed to be
0 degrees when the on periods of the switching element Q11
and the switching element Q13 do not overlap, and to be 180
degrees when the on periods of the switching element Q11
and the switching element Q13 coincide. That is, the phase
difference T's corresponds to a value represented by an angle
the period in which the opposing switching elements Q11 and
Q14 are on at the same time and the period in which the
opposing switching elements Q12 and Q13 are on at the same
time, with the angle being 180 degrees when the on periods of
the switching element Q11 and the switching element Q13
coincide.

When the switching circuit 1 performs the operations
described above, a current flows through the primary winding
nl of the transformer T1 only in the period corresponding to
the phase difference Ts among the on periods of the switching
elements Q11 to Q14, as shown in “E” of FIG. 4. The direc-
tion of the current flowing through the primary winding n1 of
the transformer T1 in the period during which the opposing
switching elements Q11 and Q14 are on at the same time is
inverted from the direction of the current in the period during
which the opposing switching elements Q12 and Q13 are on
at the same time. According to these operations, an alternat-
ing voltage is induced in the secondary winding n2 of the
transformer T1.

FIG. 5 shows the relationship between the phase difference
Ts and the voltage gain of the output voltage of the rectifier
circuit 2 in the phase shift type conversion circuit. As shown
in FIG. 5, the voltage gain has an approximately linear rela-
tionship with the phase difference Ts in the phase shift type
conversion circuit. That is, in the phase shift type conversion
circuit, the output voltage from the rectifier circuit 2 can be
changed by adjusting the phase difference Ts relating to the
period during which the opposing switching elements Q11
and Q14 are on at the same time and the period during which
the opposing switching elements Q12 and Q13 are on at the
same time.

Also, the phase shift type conversion circuit is character-
ized in that the adjustable range of the voltage ratio (voltage
gain) between the input voltage and the output voltage is
relatively wide. When the configuration shown in FIG. 2 is
operated as the phase shift type conversion circuit, noise is
reduced compared with forward type converters or flyback
type converters, since a period during which current does not
flow is unlikely to occur. Note that the voltage adjustment can
only be performed in a voltage range not exceeding an upper
limit value, with the upper limit value being a voltage deter-
mined by the winding ratio (number of winding of secondary
winding n2/number of winding of primary winding n1) of the
transformer T1.

As described above, the control unit 3 is configured to
select the operation of the switching circuit 1 from a first
operation and a second operation. The first operation is an
operation in which the relationship (voltage ratio) between
the input voltage and the output voltage is adjusted by con-
trolling the operation frequency of the switching circuit 1.
The second operation is an operation in which the relation-
ship (voltage ratio) between the input voltage and the output
voltage is adjusted by controlling the period during which a
current flows from the switching circuit 1 to the primary
winding nl of the transformer T1. Operations of both the LL.C
resonance type conversion circuit and the phase shift type
conversion circuit are possible by only changing the opera-
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tion of the switching circuit 1 by switching on/off the switch
SW1. Accordingly, both features of the LL.C resonance type
conversion circuit and the phase shift type conversion circuit
can be utilized so as to complement each other according to
the state of the load.

Also, the configuration according to the present embodi-
ment is realized by adding the switch SW1 to the LLC reso-
nance type conversion circuit and adding, to the control unit 3,
a program for enabling an operation as the phase shift type
conversion circuit. Accordingly, in a case where the LL.C
resonance type conversion circuit has already been designed,
an electric power conversion device having the functions of
both the LL.C resonance type conversion circuit and the phase
shift type conversion circuit can be provided without a large-
scale design change.

For example, the case is assumed where the input voltage is
400V and the output voltage is changed in a range from 100 to
500V. In this case, in a range of the output voltage from 100
to 400V, it is possible to adjust the output voltage in a wide
range by causing the conversion circuit to operate as the phase
shift type conversion circuit by switching on the switch SW1.
On the other hand, in a range of the output voltage from 400
to 500V, it is possible to obtain an output voltage in a voltage
range higher than the input voltage by causing the conversion
circuit to operate as the LL.C resonance type conversion cir-
cuit by switching off the switch SW1.

Also, in a case where the current detector is provided as
described above, the on/oft of the switch SW1 may be deter-
mined based on the output current of the rectifier circuit 2
(electric power conversion device). The input side circuit of
the rectifier circuit 2 may be caused to operate as the phase
shift type conversion circuit if the output current is a pre-
scribed value (1 A, for example) or less in a case where the
load is light, and the input side circuit of the rectifier circuit 2
may be caused to operate as the LLC resonance type conver-
sion circuit if the output current exceeds the prescribed value.
In this operation, a stable operation with a small noise com-
ponent is possible by causing the input side circuit of the
rectifier circuit 2 to operate as the phase shift type conversion
circuit in a light load region in which the operation of the LL.C
resonance type conversion circuit becomes unstable and a
noise component increases in the output of the rectifier circuit
2.

There are cases where an electric power conversion effi-
ciency is considered as a condition to switch on/off the switch
SW1. For example, in a case where both the LLC resonance
type conversion circuit and the phase shift type conversion
circuit can be used such that a ratio of the input voltage and the
output voltage becomes a desired voltage ratio, it is possible
to determine the on/off of the switch SW1 based on the
conversion efficiency. For example, assuming that the con-
version efficiency of the LLC resonance type conversion cir-
cuit is E1, the conversion efficiency of the phase shift type
conversion circuit is E2, and E1 and E2 satisfy a condition of
E1>E2 when the input voltage and the output voltage are
desired values, it is desirable to use the LLC resonance type
conversion circuit, since the conversion efficiency is higher
compared with a case where the phase shift type conversion
circuit is used.

That is to say, the control unit 3 is configured to select
whichever of the first operation and the second operation has
a higher stored conversion efficiency, when both the first
operation of the first conversion circuit and the second opera-
tion of the second conversion circuit are operable, in an over-
lapping region between the relationship (voltage ratio) in the
first conversion circuit and the relationship (voltage ratio) in
the second conversion circuit.
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Note that, in a case where the on/off of the switch SW1 is
determined while taking the conversion efficiency into con-
sideration as described above, the relationship between the
efficiency and the input voltage and the output voltage needs
to be stored in the control unit 3. Also, a function of notifying
the input voltage and the output voltage of the control unit 3
is required.

As described above, an operation as the LL.C resonance
type conversion circuit and an operation as the phase shift
type conversion circuit can be switched by selecting the
on/off of the switch SW1 so as to change the operation of the
switching circuit 1. Accordingly, usability is improved by
switching on/oft the switch SW1 while focusing on the output
voltage range, the size of the load, the conversion efficiency,
or the like.

Incidentally, when the switch SW1 is switched from off to
on in order to switch from operating as the LL.C resonance
type conversion circuit to operating as the phase shift type
conversion circuit, there are cases where charges are accumu-
lated in the capacitor C1. When the switch SW1 is switched
onin a state in which charges are accumulated in the capacitor
C1, it is possible that a rush current flows through the switch
SW1. The occurrence of such a rush current puts much stress
on the switch SW1. Also, since the voltage gain differs in the
operation of the LL.C resonance type conversion circuit and in
the operation of the phase shift type conversion circuit, the
output voltage changes when the on/off of the switch SW1 is
switched if the voltage gain is not considered when the on/off
of the switch SW1 is switched.

In order to prevent the rush current, the control unit 3
should switch on the switch SW1 at the time of a zero-cross
point of the current flowing through the resonance circuit
constituted by the inductor L1, the capacitor C1, and the
transformer T1 in a period during which the conversion cir-
cuit is operated as the LL.C resonance type conversion circuit.
The current Iq flowing through the resonance circuit has a
waveform as shown in “A” of FIG. 6. The waveform of the
current Iq is aligned with the on/off timings of the switching
elements Q11 and Q14 shown in “B” of FIG. 6, and the
current Iq becomes zero at the timings of switching on/off the
switching elements Q11 and Q14, and the polarity of the
current Iq inverts.

Accordingly, switching on the switch SW1 at the timing of
switching on/oft the switching element Q11 and Q14 pre-
vents the rush current caused by the charges in the capacitor
C1 from flowing through the switch SW1. In the illustrated
example, the timing at which the switch SW1 is switched on
is designated by an arrow, and this timing is matched with the
timing at which the switching elements Q11 and Q14 are
switched on. Although the timing shown in the diagram (tim-
ing at which switch SW1 is switched on) is matched with the
timing at which the switching element Q11 and Q14 are
switched on, the timing may be matched with the timing at
which the switching element Q11 and Q14 are switched off.

Also, since the above operations are aligned with the on/off
timing of the switching elements Q11 and Q14, the control
unit 3 can easily determine the timing at which the switch
SWI1 is switched on. Note that it is possible, by detecting the
voltage between two terminals of the capacitor C1 or by
detecting the resonance current that flows through the reso-
nance circuit, to determine the timing at which the switch
SWI1 is switched on according to the detected state.

Due to the above operations, the switch SW1 is switched on
in a state in which charges are not accumulated in the capaci-
tor C1 when transitioning from the LLC resonance type con-
version circuit to the phase shift type conversion circuit.
Accordingly, a rush current is prevented from flowing from
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the capacitor C1 to the switch SW1 when the switch SW1 is
switched on. That is, the transition from the LLC resonance
type conversion circuit to the phase shift type conversion
circuit can be performed seamlessly.

Incidentally, the on/off timings of the switching elements
Q11 to Q14 differs between a period during which the con-
version circuit operates as the LL.C resonance type conver-
sion circuit and a period during which the conversion circuit
operates as the phase shift type conversion circuit, as
described above. Accordingly, the control unit 3 needs to also
change the on/off timings of the switching elements Q11 to
Q14 when switching on/off the switch SW1. However, it is
difficult to adjust the phases of on/off of the switching ele-
ments Q11 to Q14 instantly when shifting between the LL.C
resonance type conversion circuit and the phase shift type
conversion circuit. Therefore, it is desirable that a transition
period during which the on/off timings of the switching ele-
ments Q11 to Q14 are changed is provided before and after
the timing at which the switch SW1 is switched on/off. In the
transition period, the on/off of the switching elements Q11 to
Q14 is temporarily suspended or the on/off timings of the
switching elements Q11 to Q14 are forcedly changed.

An example of on/off timings of the switching elements
Q11 to Q14 is shown in “A” to “D” of FIG. 7 in the case of
transitioning from operating as the LL.C resonance type con-
version circuit to operating as the phase shift type conversion
circuit. When operating as the LLC resonance type conver-
sion circuit, the on/off timings are the same for the opposing
switching elements Q11 and Q14, and the on/off timings are
the same for the opposing switching elements Q12 and Q13.
Also, when operating as the phase shift type conversion cir-
cuit, an appropriate phase difference is given between on
timings of the opposing switching elements Q11 and Q14,
and an appropriate phase difference is given between on
timings of the opposing switching elements Q12 and Q13.

When transitioning from the operation as the LLC reso-
nance type conversion circuit to the operation as the phase
shift type conversion circuit, a transition period Ps during
which all the switching elements Q11 to Q14 are switched off
is provided. The control unit 3 is configured to switch on the
switch SW1 in this transition period Ps.

Incidentally, when transitioning between the LLC reso-
nance type conversion circuit and the phase shift type con-
version circuit, the output voltage of the rectifier circuit 2
preferably does not vary. Accordingly, when the operation is
transitioned, the control unit 3 needs to adjust the on/off
timings of the switching elements Q11 to Q14 such that the
output voltage of the rectifier circuit 2 remains the same. In
order to realize this operation, the relationship between the
operation frequency and the voltage gain in the LLC reso-
nance type conversion circuit and the relationship between
the phase difference Ts and the voltage gain in the phase shift
type conversion circuit are stored in a storage unit provided in
the control unit 3. Also, the control unit 3 is configured to
monitor the input voltage, the output voltage, and the output
current, and determine the on/off timings of the switching
elements Q11 to Q14 according to the voltage gain immedi-
ately before transitioning between the LL.C resonance type
conversion circuit and the phase shift type conversion circuit
by referring to the storage unit. Variation in the output voltage
of'the rectifier circuit 2 is suppressed by this operation when
switching between operations of the LL.C resonance type
conversion circuit and the phase shift type conversion circuit.

The relationship between the voltage gain and the conver-
sion efficiency of the LL.C resonance type conversion circuit
and the relationship between the voltage gain and the conver-
sion efficiency of the phase shift type conversion circuit may
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be stored in the storage unit provided in the control unit 3.
That is, if the relationships between the conversion efficiency
and the voltage ratio (voltage gain), which is a ratio of the
input voltage and the output voltage, are known for both the
LLC resonance type conversion circuit and the phase shift
type conversion circuit, an operation having higher conver-
sion efficiency can be selected out of the operation of the LL.C
resonance type conversion circuit and the operation of the
phase shift type conversion circuit according to the relation-
ship between the input voltage and the output voltage. That is,
when both the LL.C resonance type conversion circuit and the
phase shift type conversion circuit are operable in order to
obtain a desired voltage ratio between the input voltage and
the output voltage, the control unit 3 determines the on/off of
the switch SW1 based on the conversion efficiency, as
described above.

In the embodiment described above, although the capacitor
C1 is inserted between the inductor L1 and the transformer
T1, a similar operation can be obtained in a configuration in
which aninductor L1 is inserted between the capacitor C1 and
the transformer T1.

Note that although, in the present embodiment, only a
configuration in which electric power is supplied from the
switching circuit 1 to the transformer T1 is described, it is
possible to supply electric power from the rectifier circuit 2 to
the transformer T1 by controlling the on/off of the switching
elements Q21 to Q24 provided in the rectifier circuit 2. That
is, electric power can be transmitted bi-directionally. Also,
the switching circuit 1 is not limited to the configuration
shown in FIG. 2. The switching circuit 1 may include a
configuration in which a period during which current flows
through the series circuit constituted by the primary winding
nl of the transformer T1 and the capacitor C1 is controlled by
switching.

Embodiment 2

As shown in FIG. 8, an electric power conversion device
according to the present embodiment includes a configuration
in which a series circuit constituted by a switch SW2 and a
resistor R2 is connected in parallel with the switch SW1 in the
configuration of Embodiment 1.

When transitioning from an LL.C resonance type conver-
sion circuit to a phase shift type conversion circuit in the
configuration according to the present embodiment, a control
unit 3 is configured to switch on the switch SW2 before
switching on the switch SW1. That is, the control unit 3 is
configured to switch on the switch SW1 after switching on the
switch SW2 when transitioning from a first operation of the
LLC resonance type conversion circuit to a second operation
of the phase shift type conversion circuit. A timing at which
the switch SW2 is switched on need not be matched with the
on/off timings of switching elements Q11 to Q14. When the
switch SW2 is switched on, charges accumulated in the
capacitor C1 are discharged via the resistor R2, and the cur-
rent flowing through the switch SW2 is limited by the resis-
tance value of the resistor R2.

Furthermore, after the switch SW2 is switched on and the
charge amount in the capacitor C1 decreases, the control unit
3 is configured to switch on the switch SW1. The charge
amount over time in the capacitor C1 after the switch SW2 is
switched on is determined by a voltage between the two
terminals and the capacitance of the capacitor C1 and a resis-
tance value of the resistor R2. Accordingly, the time period
from switching on the switch SW2 to switching on the switch
SWI1 is dependent on the voltage between the two terminals
of the capacitor C1. When simplified control is desired, the
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time period may be set to a fixed time period using the capaci-
tance of the capacitor C1 and the resistance value of the
resistor R2.

In this configuration, since the timing at which the switch
SW1 is switched on does not depend on the waveform of the
current flowing through the resonance circuit, the response
time of the switch SW1 need not be taken into consideration,
and it is possible to use an electromagnetic relay having a
longer response time than the semiconductor switch as the
switch SW1. The other configurations and operations of the
present embodiment are similar to those of Embodiment 1.

Embodiment 3

An electric power conversion device according to the
present embodiment is a modification of Embodiment 1, and
uses a plurality of (three each in diagram) inductors 1.31 to
L.33 and switches (short-circuit switches) SW31 to SW33, as
shown in FIG. 9, instead of using the inductor L1 shown in
FIG. 1. The switches SW31 to SW33 are respectively con-
nected in parallel with the inductors [.31 to [.33. That is, the
switch SW31 is connected in parallel with the inductor [.31,
the switch SW32 is connected in parallel with the inductor
132, and the switch SW33 is connected in parallel with the
inductor [.33. Accordingly, atleast one ofthe inductors .31 to
L33 is used in a resonance circuit, depending on the combi-
nation of on/off of the switches SW31 to SW33. In other
words, the inductance used in the resonance circuit is adjusted
by combining the on/off of the switches SW31 to SW33, and
as a result the resonance frequency can be selected from a
plurality of frequencies.

For example, in the configuration shown in the diagram, if
the switch SW31 is switched off and the switches SW32 and
SW33 are switched on, only the inductor [.31 effectively
functions in the resonance circuit. Also, if all the switches
SW31 to SW33 are switched off, a series circuit of the three
inductors [.31 to [.33 effectively functions in the resonance
circuit. Accordingly, it is possible to change the resonance
frequency of the resonance circuit in a wide range.

Instead of the configuration shown in FIG. 9, the electric
power conversion device may use a plurality of (three each in
diagram) inductors [.41 to 1.43 and switches SW41 to SW43
s0 as to have the connection relationship shown in FIG. 10,
instead of using the inductor .1 shown in FIG. 1. In this
configuration, the three inductors [.41 to [ .43 are connected in
series, and one terminal (first terminal) of each of the three
switches SW41 to SW43 is connected to one terminal of the
series circuit of the inductors 141 to L43. Also, the other
terminal (second terminal) of each of the three switches
SW41 to SW43 is respectively connected to one terminal of
the three inductors .41 to L43. That is, the switch SW41 is
connected in parallel with the inductor .41, the switch SW42
is connected in parallel with a series circuit of the inductors
L41 and [.42, and the switch SW43 is connected in parallel
with the series circuit of the inductors [.41 to L.43.

In the configuration shown in FIG. 9, the number of types
of selectable inductances is determined by the number of
combinations of or/off of the switches SW31 to SW33. Inthe
configuration shown in FIG. 10, the number of types of select-
able inductances is one more than the number of switches
SW41 to SW43. That is, in the configuration shown in FIG.
10, only four states are selectable, namely a state in which the
switch SW43 is on, a state in which the switch SW43 is off
and the switch SW42 is on, a state in which the switches
SW42 and SW43 are off and the switch SW41 is on, and a
state in which the switches SW41 to SW43 are off. However,
whereas the number of switches SW41 to SW43 included in
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the resonance circuit is one or less in the configuration shown
in FIG. 10, the number of switches SW31 to SW33 included
in the resonance circuit changes in a range from zero to three
in the configuration shown in FIG. 9. Accordingly, an average
loss of the resonance circuit caused by the switch in the
configuration shown in FIG. 10 is smaller than that in the
configuration shown in FIG. 9.

Although the electric power conversion device according
to the present embodiment includes three each of the induc-
tors and the switches, the numbers of the inductors and the
switches are selected arbitrarily according to the number of
frequencies to which the resonance frequency is changed.
The other configurations and operations of the present
embodiment are similar to those of Embodiment 1, and also,
the configuration of the present embodiment can be combined
with a configuration in which the switch SW2 and the resistor
R2 are provided similarly to Embodiment 2.

Embodiment 4

The present embodiment is a modification of Embodiment
1, and uses a plurality of (three each in diagram) capacitors
C51 to C53 and switches SW51 to SW53 as shown in FIG. 11
as a capacitance element, instead of using the capacitor C1
shown in FIG. 1. The switches SW51 to SW53 are respec-
tively connected in parallel with the capacitors C51 to C53.
That is, the switch SW51 is connected in parallel with the
capacitor C51, the switch SW52 is connected in parallel with
the capacitor C52, and the switch SW53 is connected in
parallel with the capacitor C53. Accordingly, at least one of
the capacitors C51 to C53 is used in the resonance circuit
depending on the combination of on/off of the switches SW51
to SW53. In other words, the capacitance used in the reso-
nance circuit is adjusted by combining the on/off of the
switches SW51 to SW53, and as a result the resonance fre-
quency can be selected from a plurality of frequencies.

Also, in the diagram shown, an inductor [.3 is used instead
of'the inductor L1, and a switch SW3 is connected in parallel
with the inductor L3. Accordingly, whether or not the induc-
tor L3 is included in the resonance circuit can be selected by
the on/off of the switch SW3.

For example, in the configuration shown in the diagram, if
the switch SW51 is switched off and the switches SW52 and
SW53 are switched on, only the capacitor C51 effectively
functions in the resonance circuit. Also, if all the switches
SWS51 to SW53 are switched off, a series circuit of the three
capacitors C51 to C53 effectively functions in the resonance
circuit. Accordingly, it is possible to change the resonance
frequency of the resonance circuit in a wide range.

Instead of the configuration shown in FIG. 11, the electric
power conversion device may use a plurality of (three each in
diagram) capacitors C61 to C63 and the switches SW61 to
SW63 so as to have the connection relationship shown in FIG.
12, instead of using the capacitor C1 shown in FIG. 1. In this
configuration, the three capacitors C61 to C63 are connected
in series, and one terminal (first terminal) of each of the three
switches SW61 to SW63 is connected to one terminal of the
series circuit of the capacitors C61 to C63. Also, the other
terminal (second terminal) of each of the three switches
SW61 to SW63 is respectively connected to one terminal of
the three capacitors C61 to C63. That is, the switch SW61 is
connected in parallel with the capacitor C61, the switch S62
is connected in parallel with the series circuit of capacitors
C61 and C62, and the switch SW63 is connected in parallel
with the series circuit of the capacitors C61 to C63.

In the configuration shown in FIG. 11, the number of types
of selectable capacitances is determined by the number of
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combinations of or/off of the switches SW51 to SW53. Inthe
configuration shown in FIG. 12, the number of types of select-
able capacitances is one more than the number of switches
SW61 to SW63. That is, in the configuration shown in FIG.
12, only four states are selectable, namely a state in which the
switch SW63 is on, a state in which the switch SW63 is off
and the switch SW62 is on, a state in which the switches
SW62 and SW63 are off and the switch SW61 is on, and a
state in which the switches SW61 to SW63 are off. However,
whereas the number of switches SW61 to SW63 included in
the resonance circuit is one or less in the configuration shown
in FIG. 12, the number of switches SW51 to SW53 included
in the resonance circuit changes in a range from zero to three
in the configuration shown in FIG. 11. Accordingly, an aver-
age loss of the resonance circuit due to the switch in the
configuration shown in FIG. 12 is smaller than that in the
configuration shown in FIG. 11.

Also, as described in Embodiment 1, the timings at which
the switches SW51 to SW53 or SW61 to SW63 are switched
on are controlled so as to be matched with the on/off timings
of'the switching elements Q11 to Q14 provided in the switch-
ing circuit 1. Therefore, a rush current caused by the charges
in the capacitors C51 to C53 or C61 to C63 is prevented from
flowing through the switches SW51 to SW53 or SW61 to
SW63.

Although the electric power conversion device according
to the present embodiment includes three each of the capaci-
tors and the switches, the numbers of the capacitors and the
switches are selected arbitrarily according to the number of
frequencies to which the resonance frequency is changed.
The other configurations and operations of the present
embodiment are similar to those of Embodiment 1, and also,
the configuration of the present embodiment may be com-
bined with a configuration in which the switch SW2 and the
resistor R2 are provided similarly to Embodiment 2. Further-
more, the configuration of the present embodiment and the
configuration shown in Embodiment 3 may be combined.

Although the present invention has been described in a
preferred embodiment, various modifications and variations
are possible by those skilled in the art without departing from
the spirit or scope of this invention, that is, the claims.

The invention claimed is:

1. An electric power conversion device comprising:

a transformer configured to transmit electric power

between an input and an output;

a resonance capacitance element connected in series with a
primary winding of the transformer;

a switching circuit configured to switch on/off current that
flows through a series circuit constituted by the primary
winding of the transformer and the capacitance element;

a rectifier circuit configured to rectify and output electric
power induced in a secondary winding of the trans-
former;

a switch connected in parallel with the capacitance ele-
ment; and

a control unit configured to control a period during which
current flows through the series circuit constituted by the
primary winding of the transformer and the capacitance
element and on/off of the switch,

wherein the control unit is configured to switch off the
switch so as to configure, as an input-side circuit of the
rectifier circuit, a first conversion circuit configured to
change a relationship between an input voltage and an
output voltage based on an operation frequency of the
switching circuit,

the control unit being configured to switch on the switch so
as to configure, as the input-side circuit of the rectifier
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circuit, a second conversion circuit configured to change
a relationship between an input voltage and an output
voltage based on a period during which current flows
from the switching circuit to the primary winding of the
transformer,
the control unit being configured to select an operation of
the switching circuit from a first operation for adjusting
the relationship in the first conversion circuit by control-
ling the operation frequency and a second operation for
adjusting the relationship in the second conversion cir-
cuit by controlling the period during which the current
flows.
2. The electric power conversion device according to claim
1, wherein the control unit is configured to match a timing at
which the switch is switched on with a zero-crossing point of
current that flows from the switching circuit to the series
circuit constituted by the primary winding of the transformer
and the capacitance element, when transitioning from the first
operation of the first conversion circuit to the second opera-
tion of the second conversion circuit.
3. The electric power conversion device according to claim
1, further comprising a series circuit constituted by a second
switch and a resistor and connected in parallel with the
capacitance element,
wherein the control unit is configured to switch on the
switch after switching on the second switch when tran-
sitioning from the first operation of the first conversion
circuit to the second operation of the second conversion
circuit.
4. The electric power conversion device according to claim
1, wherein the control unit is configured to provide a transi-
tion period during which an operation of the switching circuit
is an operation different from the first operation of the first
conversion circuit and the second operation of the second
conversion circuit, when switching between the first opera-
tion of the first conversion circuit and the second operation of
the second conversion circuit.
5. The electric power conversion device according to claim
15
wherein the control unit is configured to store the operation
frequency of the switching circuit in the first operation of
the first conversion circuit in association with the rela-
tionship in the first conversion circuit, and store the
period during which current flows from the switching
circuit to the primary winding of the transformer in the
second operation of the second conversion circuit in
association with the relationship in the second conver-
sion circuit,
the control unit being configured to control the switching
circuit in accordance with the stored operation fre-
quency and the stored period during which current
flows, such that the relationship between the input volt-
age and the output voltage after switching coincides
with the relationship between the input voltage and the
output voltage before switching, when switching
between the first operation of the first conversion circuit
and the second operation of the second conversion cir-
cuit.
6. The electric power conversion device according to claim
15
wherein the control unit is configured to store a conversion
efficiency in the first operation of the first conversion
circuit in association with the relationship in the first
conversion circuit, and store a conversion efficiency in
the second operation of the second conversion circuit in
association with the relationship in the second conver-
sion circuit,
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the control unit being configured to select whichever of the
first operation and the second operation has a higher
stored conversion efficiency, when both the first opera-
tion of the first conversion circuit and the second opera-
tion of the second conversion circuit are operable, in an
overlapping region between the relationship in the first
conversion circuit and the relationship in the second
conversion circuit.

7. The electric power conversion device according to claim

1, further comprising a resonance inductor that is connected
between the primary winding of the transformer and the
switching circuit.

8. The electric power conversion device according to claim
1, further comprising:

a plurality of resonance inductors that are connected
between the primary winding of the transformer and the
switching circuit; and

a short-circuit switch configured to short-circuit at least
one of the plurality of inductors.

9. The electric power conversion device according claim 1,

wherein the capacitance element comprises a plurality of
resonance capacitors that are connected between the
primary winding of the transformer and the switching
circuit, and

wherein the switch is configured to short-circuit at least
one of the plurality of capacitors.

10. The electric power conversion device according to

claim 1,

wherein the capacitance element comprises a resonance
capacitor thatis connected between the primary winding
of the transformer and the switching circuit, and

wherein the switch is configured to short-circuit the capaci-
tor.

11. The electric power conversion device according to

claim 1,

wherein both the relationship in the first conversion circuit
and the relationship in the second conversion circuit are
a voltage ratio between the input voltage and the output
voltage.

12. The electric power conversion device according to

claim 1,

wherein the first conversion circuit is a resonance type
conversion circuit configured to change the relationship
in the first conversion circuit using a resonance circuit
constituted by the capacitance element and the trans-
former by adjusting the operation frequency of the
switching circuit, and

wherein the second conversion circuit is a phase shift type
conversion circuit configured to change the relationship
in the second conversion circuit by adjusting the period
during which current flows from the switching circuit to
the primary winding of the transformer through chang-
ing a phase of switching on a switching element of the
switching circuit.

13. The electric power conversion device according to
claim 2, wherein the control unit is configured to provide a
transition period during which an operation of the switching
circuit is an operation different from the first operation of the
first conversion circuit and the second operation of the second
conversion circuit, when switching between the first opera-
tion of the first conversion circuit and the second operation of
the second conversion circuit.

14. The electric power conversion device according to
claim 3, wherein the control unit is configured to provide a
transition period during which an operation of the switching
circuit is an operation different from the first operation of the
first conversion circuit and the second operation of the second
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conversion circuit, when switching between the first opera-
tion of the first conversion circuit and the second operation of
the second conversion circuit.
15. The electric power conversion device according to
claim 2,
wherein the control unit is configured to store the operation
frequency of the switching circuit in the first operation of
the first conversion circuit in association with the rela-
tionship in the first conversion circuit, and store the
period during which current flows from the switching
circuit to the primary winding of the transformer in the
second operation of the second conversion circuit in
association with the relationship in the second conver-
sion circuit,
the control unit being configured to control the switching
circuit in accordance with the stored operation fre-
quency and the stored period during which current
flows, such that the relationship between the input volt-
age and the output voltage after switching coincides
with the relationship between the input voltage and the
output voltage before switching, when switching
between the first operation of the first conversion circuit
and the second operation of the second conversion cir-
cuit.
16. The electric power conversion device according to
claim 3,
wherein the control unit is configured to store the operation
frequency of the switching circuit in the first operation of
the first conversion circuit in association with the rela-
tionship in the first conversion circuit, and store the
period during which current flows from the switching
circuit to the primary winding of the transformer in the
second operation of the second conversion circuit in
association with the relationship in the second conver-
sion circuit,
the control unit being configured to control the switching
circuit in accordance with the stored operation fre-
quency and the stored period during which current
flows, such that the relationship between the input volt-
age and the output voltage after switching coincides
with the relationship between the input voltage and the
output voltage before switching, when switching
between the first operation of the first conversion circuit
and the second operation of the second conversion cir-
cuit.
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17. The electric power conversion device according to
claim 2,

wherein the control unit is configured to store a conversion

efficiency in the first operation of the first conversion
circuit in association with the relationship in the first
conversion circuit, and store a conversion efficiency in
the second operation of the second conversion circuit in
association with the relationship in the second conver-
sion circuit,

the control unit being configured to select whichever of the

first operation and the second operation has a higher
stored conversion efficiency, when both the first opera-
tion of the first conversion circuit and the second opera-
tion of the second conversion circuit are operable, in an
overlapping region between the relationship in the first
conversion circuit and the relationship in the second
conversion circuit.

18. The electric power conversion device according to
claim 3,

wherein the control unit is configured to store a conversion

efficiency in the first operation of the first conversion
circuit in association with the relationship in the first
conversion circuit, and store a conversion efficiency in
the second operation of the second conversion circuit in
association with the relationship in the second conver-
sion circuit,

the control unit being configured to select whichever of the

first operation and the second operation has a higher
stored conversion efficiency, when both the first opera-
tion of the first conversion circuit and the second opera-
tion of the second conversion circuit are operable, in an
overlapping region between the relationship in the first
conversion circuit and the relationship in the second
conversion circuit.

19. The electric power conversion device according to
claim 2, further comprising a resonance inductor that is con-
nected between the primary winding of the transformer and
the switching circuit.

20. The electric power conversion device according to
claim 3, further comprising a resonance inductor that is con-
nected between the primary winding of the transformer and
the switching circuit.



